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0 A pulse-width modulation amplifier includes a triangular signal oscillator (1) for generating a triangular carrier 
signal. A voltage comparator (2) compares an input analog signal and the triangular carrier signal, and converts 
the input analog signal into a corresponding pulse-width modulation signal, A power amplifier (3) serves to 
amplify the pulse-width modulation signal. A low pass filter (4) removes carrier components from an output 
signal of the power amplifier, and generates a demodulated signal corresponding to the input analog signal. The 
amplitude of the triangular carrier signal is controlled in response to a power supply voltage fed to the power 
amplifier so that the amplitude of the triangular carrier signal will be substantially proportional to the power 
supply voltage. 
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BACKGROUND OF THE INVENTION 
Field of the Inven tion 

This invention relates to an amplifier using pulse-width a,odula,ion. 

Description of the Prior Art 
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such^reihrSr ^^^^^^^^^ -er a«on o, si.nais. ,n 

rnput analog signal so that the input analog stalTs ^n^rte^^^^^^^^^ "^""^ an 

signal. Then, the pulse-width modulation si?S s^S^ t L"^^'*'^"*"^ P"'''^-'*^ 
removes carrier components from the arnpllfied pu seSrm^l.'^ amplrfication. A low pass filter 
■s equal to a resultant of power ampllficatton of the inouflT^f ? T^'' "^""^"^^''"S a signal which 

voCXS™^^ -ude a triangular signal osci.lat., a 

aud,o analog signal with a triangular signal ?a "rrrier outu^J^! '"T '""""^^ ^ >"P"t 

thereby converts the input audio analog signaMnTo a colsl^ ""f "'""^"'"^ ^9"^' °«<="'«'°^' ^nd 
power amplifier subjects the Pulse-width m^utS sVnaMo Tw? P"^.^''*'^* '""'^"lation signal. The 
pu^se-width modulation signal. The low pass ft^ remove calr °"'P"«'"9 an amplified 

width modulation signal, demodulating a signal whichT lu^f^ 1 components from the amplified pulse- 
mput audio analog signal. The demodulat^ 'SaHMed to a ,11 °' "^'^ <" ^ 

Such a prior-art pulse-width modulation ,l„r. I ^ such as a loudspeaker. 
Signal from the prior^rt ^^iSZTTZS'::^'^ l^^S,! T'^" ^ -P"« 
voltage fed to the power amplifier within me pu^rrmoiul Ifalt '"T^'""'' ' 
power supply voltage fed to the power ampHfier hasrioolf nl- f ^'^''^'V. in cases where a 

-pnor-artpulse-width modulation amp,iJtendstb;t=;^r^^^^ 
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oscillator for generating a triangular cSr sS a !oZl "'"""''"S « '^'"S"'^' signal 

signal and the triangular carrier signal ^d co vela <=°'"Paring an input analog 

width modulation signal; a power XurT,,^Z^ZXeSj:^ 'IT, ' =°-'P°"*n9 P"-s^ 
tor removing carrier components from an output sfqnVof S^^ n^fT .r'^"'^"'^ ^^"^^ ^ 

activated by a power supply vo'taget lZ^^Tj:t:Tj:r^:'^ ^ -P««- 

an output signaf from the power amplifier into a Tm^ i 1 '"S"^^ converting 

signal; and means for controlling the xZlTc^^ T^T "^"^ to the input analog 

A third aspect of this invention prSs a^^f ' ZT,": " '^"^ ^"""'^ ^""^S*' 
generating a triangular carrier signal; meanffor cor^Sn^i T^^^^^ "^'"'"^^ ~'"P"«"9 means for 
to convert the input analog signal into a corresL?H?„o ? ^ ^"^"^ "9"^' ""e triangular signal 
arnplifylng the P^^^<<^r.Llj:;: ^ZZ^^^orT::^ ""^TT ' ^P»«- 

Of second and later pulses in an output s^nal 3*1^™,?-,' T "I" ^^'^'''^ ^ *'««hs 

means for shortening a width of a final pulse IZ^e^^^T'^ '^'"^ « ^<=««««1: 

the power amplifier before the power ampiL s d^^TeJ /^^^ «'9"a' of 

the power amp,i«er into a demodulat^, sig^i^rrCorn^uTanTcit^^^^^ '"^ ''"^ 
BRIEF DESCRIPTION OF THE DRAWIMCiQ 
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Fig. 1 is a block diagram of a pulse-width modulation amplifier according to a first embodiment of tfiis 
invention. 

Fig. 2 is a diagram of the triangular signal oscillator of Fig. 1. 

Fig. 3 is a time-domain diagram showing the waveforms of various signals in the pulse-width modulation 
5 amplifier of Fig. 1. 

Fig. 4 is a diagram of a triangular signal oscillator in a pulse-width modulation amplifier according to a 
second embodiment of this invention. 

Fig. 5 is a time-domain diagram showing the waveforms of various signals in the pulse-width modulation 
amplifier according to the second embodiment of this invention. 
10 Fig. 6 is a diagram of a part of a triangular signal oscillator in a pulse-width modulation amplifier 
according to a third embodiment of this invention. 

Fig, 7 is a diagram of a pulse-width modulation amplifier according to a fifth embodiment of this 
invention. 

Fig. 8 is a time domain diagram showing the waveforms of various signals in the pulse-width modulation 
75 amplifier of Fig. 7. 

Fig. 9 is a diagram of a part of a triangular signal oscillator in a pulse-width modulation amplifier 
according to a fourth embodiment of this invention. 

Fig. 10 is a schematic diagram of the current source of Fig. 2. 
Fig. 11 is a diagram of the power amplifier and the low pass filter of Rg. 1 . 
20 Fig. 12 is a diagram of another example of a power amplifier and a low pass filter. 
Fig. 13 is a schematic diagram of the current source of Fig. 4. 

Fig. 14 is a block diagram of a pulse-width modulation amplifier according to a sixth embodiment of this 
invention. 

25 DESCRIPTION OF THE FIRST PREFERRED EMBODIMENT 

With reference to Fig. 1. a pulse-width modulation amplifier includes a triangular signal oscillator 1. a 
voltage comparator 2, a power amplifier 3. and a low pass filter 4. A power supply voltage Vc is fed to the 
triangular signal oscillator 1 and the power amplifier 3. The power amplifier 3 is activated by the power 
30 supply voltage Vc. 

The voltage comparator 2 compares an input analog signal Vs with a triangular signal (a carrier) 
outputted from the triangular signal oscillator 1, and thereby converts the input analog signal Vs into a 
corresponding pulse-width modulation signal V2. The power amplifier 3 subjects the pulse-width modulation 
signal to power amplification, outputting an amplified pulse-width modulation signal. The low pass filter 4 

35 removes carrier components from the amplified pulse-width modulation signal, demodulating a signal Vo 
which is equal to a resultant of power amplification of the input analog signal Vs. The demodulated signal 
Vo is fed to a toad (not shown). 

The triangular signal oscillator 1 is controlled in response to the power supply voltage Vc. Specifically, 
the amplitude of the triangular signal outputted from the triangular signal oscillator 1 is proportional to the 

40 power supply voltage Vc. As will be made clear later, this design enables the demodulated signal Vo to be 
essentially free from ripple noise even when the power supply voltage Vc fed to the power amplifier 3 has 
ripple noise of a certain level. 

As shown in Fig. 2. the triangular signal oscillator 1 includes a buffer 11. operational amplifiers 12 and 
13, voltage comparators 14 and 15. a latch 16. resistors 21. 22. 23, 24, 25. and 26, a capacitor 27. and a 

45 current source 28. 

The resistors 21 and 22 are connected in series, composing a voltage divider which is subjected to the 
power supply voltage Vc and which divides the power supply voltage Vc at a given ratio. The junction 
between the resistors 21 and 22 is connected to the input terminal of the buffer 11. The ratio between the 
resistances of the resistors 21 and 22 is (1-l/k):l/k, where *k" denotes a preset value. The buffer 11 outputs 
so a voltage V1 1 which is expressed as follows. 

VII = Vc/k (1) 

The output terminal of the buffer 11 is connected to the inverting input terminal of the operational amplifier 
55 12 via the resistor 23. The non-inverting input terminal of the operational amplifier 12 is subjected to a half 
of a stabilized dc voltage Vr providing a bias level for the input analog signal Vs (see Frg. 1 ). The inverting 
input terminal and the output terminal of the operational amplifier 12 are connected via the resistor 24. The 
resistors 23 and 24 have equal resistances. The output terminal of the operational amplifier 12 is connected 
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Vl2 = Vr.Vc/k (2) 
V13 = Vr + Vc/k (3) 

I«ch 16 outputs aZlTv^t^lT'"""^ ^°""«<='«c<^^Se?.«™ .T'""' °' 

thereby the currL If ?o ^ ^ ^'^'"^ signal 29 ouZS^d ^ ? * l«ch 16 

capacitor 27 dSses tlL ml^'J'' ^ d^S When ""l'" ^ 

^ Ton, the voltage c:^^ T^^^Sci^T V' '"^ '^'^'^^^pTjI^JI 
*> charging/discharging control si«n J « '° ^ "'9" «> that the latcTifi ® """P"* *'9"3l 

Vt = (V13 - Vl2)/2 
= Vc/k 

•••(4) 

SHcSr '-el^^^^ --^^ comparator 2 changes 

correspondrnrto,KT„t.y ''^ ^""^S* comparafr2 s ^Tlo T^^f '"P'^ ^"^"^ Vs 

converted into a de,n^l^S„l, ^'^nal from fhe^^wer rpre^T"''""" ^'9"'' 

-.pressed as Lr *" -oppose, .an id^r^ir^ 



Vo = Vs(VcA/t) (5) 
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By using the relation (4), the equation (5) is transformed into the following equation. 



Vo = k'Vs 



(6) 



5 



The equation (6) shows that the demodulated signal Vo is substantially independent of the power supply 
voltage Vc. Thus, even when the power supply voltage Vc fed to the power amplifier 3 has ripple noise of a 
certain level, the demodulated signal Vo is substantially free from ripple noise. 

As shown in Fig. 10. the current source 28 includes NPN transistors 41. 42, 43. and 47. PNP transistors 
10 44. 45. and 46. a diode 48. and a resistor 49. A terminal 40 subjected to a stabilized voltage Vr2 Is 
connected to one end of the resistor 49. and the emitters of the transistors 44, 45. and 46. The other end of 
the resistor 49 is connected to the collector and the base of the transistor 41, and the bases of the 
transistors 42 and 43. The emitters of the transistors 41, 42, 43, and 47 are grounded. The collector of the 
transistor 42 Is connected to the collector and the base of the transistor 44. and the bases of the transistors 
75 45 and 46- The anode of the diode 48 is connected to the collectors of the transistors 45, 46. and 47. The 
cathode of the diode 48 is connected to the collector of the transistor 43, and leads to an output terminal 
51. The output terminal 51 is connected to the capacitor 27 of Rg. 2. The base of the transistor 47 leads to 
a control terminal 50. The control terminal 50 receives the charging/discharging control signal 29 from the 
latch 16 of Fig. 2. 

20 The transistors 41. 42, and 43 have equal characteristics, and compose a current mirror. The transistors 
44, 45, and 46 have equal characteristics, and compose another current mirror. All of the collector currents 
of the transistors 41, 42. 43. 44. 45. and 46 are approximately equal to a constant current Ic which is 
expressed as follows: 

25 Ic = {Vr2-V41)/R49 (7) 

where V41 denotes the collector voltage of the transistor 41 which is essentially constant, and R49 denotes 
the resistance of the resistor 49. 

The current source 28 of Fig. 10 operates as follows. When the charging/discharging control signal 29 

30 fed to the control terminal 50 assumes a high level, the transistor 47 becomes conductive so that the • 
collector currents of the transistors 45 and 46 are drawn via the transistor 47. In this case, a current 
corresponding to the collector current of the transistor 43 and having a value equal to the above-mentioned 
constant current value Ic Is drawn from the capacitor 27 of Fig. 2 via the output terminal 51. When the 
charging/discharging control signal 29 fed to the control terminal 50 assumes a low level, the transistor 47 

35 becomes non-conductive so that the sum of the collector currents of the transistors 45 and 46 flows through 
the diode 48 and Is divided into two currents directed toward the capacitor 27 and the collector of the 
transistor 43 respectively. In this case, a current having a value equal to the above-mentioned constant 
current value Ic is fed to the capacitor 27 of Rg. 2 via the output tenninal 51. In this way. the current source 
28 selectively charges and discharges the capacitor 27 of Rg. 2 In response to the charging/discharging 

40 control signal 29. The rate of charging and discharging the capacitor 27 of Rg. 2 corresponds to the - 
constant current Ic. 

The power amplifier 3 is of the full bridge stnjcture. Specifically, as shown in Rg. 11, the power 
amplifier 3 includes a buffer 3A, an inverter 3B, a latch 3C. AND gates 3D and 3E. switch drivers 3F. 3G. 
3H, and 3J. and switches 3K. 3L. 3M. and 3N. The buffer 3A and the inverter 38 receives the output signal 

45 from the comparator 2 of Rg. 1 via an Input terminal 3P. The buffer 3A and the inverter 38 provide a pair of 
opposite-phase signals In response to the output signal from the comparator 2 of Fig. 1 . The buffer 3A 
offers a given signal delay corresponding to the signal delay by the Inverter 38. so that the opposite-phase 
signals provided by the buffer 3 A and the inverter 38 can be kept in a correct timing relation. The output 
signal from the buffer 3A is applied to the set terminal of the latch 3C. The output signal from the inverter 

50 38 is applied to the reset temiinal of the latch 3C. The Q output terminal of the latch 3C is connected to a 
first input terminal of the AND gate 3D. The Q output terminal of the latch 3C is connected to a first Input 
terminal of the AND gate 3E. Second input terminals of the AND gates 3D and 3E receive a control signal 
via a control terminal 3R. When the control signal assumes a high level, the power amplifier 3 is activated. 
When the control signal assumes a low level, the power amplifier 3 is deactivated. The output terminal of 

55 the AND gate 3D Is connected to control terminals of the switches 3K and 3L via the drivers 3F and 3G. 
The output terminal of the AND gate 3E Is connected to control terminals of the switches 3M and 3N via the 
drivers 3H and 3J. The switches 3K, 3L. 3M, and 3N are connected In a full bridge. Specifically, the 
switches 3K, 3M. 3L, and 3N are connected in a closed loop in that order. The junction between the 
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switches 3K and 3M is connected tn ^ t 

beNveen ,he switches 3N and 3L is grouZTrfs SoTJ^' ^'""^ i"nc.ion 

0 a frrs, ,npu. terminal of the low p«s filter 4 The unct on tT'" T <=°""««ed 
to a second input terminal of the low pass filter 4 Wh» ?H '^^ ^*'"'=''«* and 3L is connected 

^ the high level state, the switches zTll TZ l" Te T"^ '° '« ^R^ 

signal from the comparator 2 o. Fig. , so that the C J^na from th '° ""tP"' 

to power amplification. In some cases th« . ^ °"' ""^Pafator 2 of Fig. i is subiectBri 

switches 3K and 3N to be simuL^riy ^ord^ aTeS 'T^' '^^^^ 

a short circuit regarding the power supply voltage v" Also th? , k ^^'"^^ ™^ P'^«"0'"9non results in 
s.m.,ar Phenomenon. The latch 3C is proJ^ded ,o pr^Sit sucT !f ^""'^'^^ 'o a 

P^ven, such a short-circuit problem, the con^c^^slTfedTtH P™"'^'"- ^'^^'«°". to 

penodica ly set a dead time during which the swSes 3k 3, 1 ^^^'^''^d to 

capr:- - - - ^ --e^^^^^^^^^^ ^ 

" amp:,i:r3 rrrptrr^T^r ^ ^ - .e replead by a power 

Structure. As shown in Fio ip th. ^* ^® amplifier 303 of Fin ip k of hlif k ^ 

303C, ..0 gates 303O:^^d SSarsr^drTrS/^^^^^^^^^^ 303Tat?: 

.a ?n.P TH '"'"^'^ '''"^''^^ output Signal frc^^ tfl^^n T'^'' 303L The buffer 

!0 303P, The output signal from the buffer 303A is aon i^TT.!^ comparator 2 of Rg, i via an input terminal 

ifcr r ^'^'^ .0 :l^;seTtSna, riaSScTr "^'' '"^ 

latch 303C ,s connected to a first input terminal of the AND oar-in?^ ^7.^ ° ^^'"^^ °< '"e 

In^^ '° " '"P"' '^""'"^ °' AND gate 303? SfL ' ^ '"^"""^ °' l^^'' 
303D and 303E receive a control signal via a contrni ,f I, , '"P"' '^'"'"'''als of the AND gates 

« high level, the power amplifier 303 fs t^ZL^XZ^'': ^'9"^' ^ssum'e a 

amplifier 303 is deactivated. The output temiin^ of* "amh °' « '"^ le^el. the power 

the switch 303K via the driver aoaFl^urpl ^I'nl^StrA'^n " ♦° " control term.^ " 

terminal of the switch 303L via the driver M3G ThT^! k ^^E Is connected to a contro 

series combination of the switches SOSK a^^n,^ 303L are connected in serie^ T^J 

voltage sources 303T and 3oS each gereij^tlil^"''''' ' combina«on 0 dc crnstan' 

2 404 is connected to the i"nc,io?brrrs^X3%ran;1ol? " °' - 

filter 404 IS connected to the junction between fho I " of the low pass 

pass filter 404 includes an LC nelZfc h^^ ^°^<^ 303T and 303IJ T^^, f„ 

Signal is in the high level s!a'e"rsliS^;:r 30^^^ ^ ^ "'^""^ ^^O^^nlJlZ 
output signal from the comparator 2 of f^n so tL ?h . """^ °P«"«'* «sponse to me 
subjected to power amplification. In Le cases 2 211°"*'^' '''"^ 2 C Fig 1 is 

cause the switches 303K and 303L trbe^mu«L„ ^ , °' ^^"^^^^s 303K and 303L 

phenomenon results in a short circuiUeoarloTl ^ "^"^ ^"""^ ^ "rt^" short period This 
prevent such a short-circuit problem In addft on ^ "^^^ """"^ latch 3C is pr<^ded to 

0 ed .0 the control terminal 30^H ^li^T^^XsT^^ST-^T' ™ 
and 303L are forcedly opened. penooicaily set a dead time dunng which the switches ^3K 

controlling the levels of a charging culn and f dLtrf^'''***' ^' " ***«ona> fun(Z^ 

source 31 has a charging/dis^h^gi^cl'S e^^^^^^^^ 

trom a latch 16. The current source 31 at« h« "'"^ ^ charging/discharging control sion J^ 

-'taga Vc. Thus, the current sTJce afr^^o'e^"' '""""^ '"'"'^ ^ " 

Specifically, the levels of the charging current ^ri^^^^ the power supply voltage Vc 

substantially proportional to the power sup^ZI vc Tn?'"' """^ '"'^'^ capacitor 27 a/e 
'S similar ,0 the triangular signal oscillator ? oi^RgT 

.3 now assumed that the power supply voliage Vc increases as shown in the pa. ,a, o, Fig. s. The 
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output voltage VI 3 from an operational amplifier 13 increases similarly but the output voltage VI 2 from an 
operational amplifier 12 decreases oppositely as shown in the part (b) of Fig. 5. A stabilized dc voltage Vr 
remains constant as shown in the part (b) of Fig. 5. The amplitude of a triangular signal V27 varies in 
accordance with the output voltages VI 2 and V13 from the operational amplifiers 12 and 13. Specifically, 

5 the voltage of the triangular signal V27 varies within the region between the output voltages VI 2 and VI 3 
from the operational amplifiers 12 and 13. As shown in the parts (b) and (c) of Fig. 5. the output signal V2 
from a voltage comparator 2 changes between a high level and a low level each time the triangular signal 
V27 crosses an input analog signal Vs. Thus, the output signal V2 from the voltage comparator 2 is equal to 
a pulse-width modulation signal corresponding to the input analog signal Vs. As described previously, the 

10 levels of the charging current and the discharging current related to the capacitor 27 are substantially 
proportional to the power supply voltage Vc. This design results in the following function. As shown in the 
parts (a) and (b) of Fig. 5, during a period where the power supply voltage Vc remains in a lower level, the 
capacitor 27 is charged and discharged at lower rates so that the triangular signal voltage V27 varies at 
smaller slopes. On the other hand, as shown in the parts (a) and (b) of Fig. 5. during a period where the 

;5 power supply voltage Vc remains in a higher level, the capacitor 27 is charged and discharged at higher 
rates so that the triangular signal voltage V27 varies at greater slopes. Thus, the frequency of the triangular 
signal V27 remains substantially constant although the power supply voltage Vc varies. Also, the frequency 
of the pulse-width modulation signal V2 remains substantially constant independent of the power supply 
voltage Vc. The frequency constancy of the triangular signal (the carrier) V27 and the pulse-width 

20 modulation signal V2 ensures that the low pass filter 4 reliably removes carrier components. 

As shown in Fig. 13. the current source 31 includes NPN transistors 41, 42. 43. 47, and 53, PNP 
transistors 44, 45, 46. 52, 58, and 590. a diode 48. resistors 55, 56. and 57, and a current source 54. A 
terminal 40 subjected to a stabilized voltage Vr2 is connected to one end of the current source 54, and the 
emitters of the transistors 44, 45. 46. 58. and 590. A terminal 59 subjected to the power supply voltage Vc 

25 is connected to one end of the resistor 55. The other end of the resistor 55 is connected to one end of the 
resistor 56 and the base of the transistor 52. The other end of the resistor 56, one end of the resistor 57, 
the collector of the transistor 52. and the emitters of the transistors 41. 42. 43, and 47 are grounded. The 
emitter of the transistor 52 is connected to the other end of the current source 54 and the base of the 
transistor 53. The other end of the resistor 57 is connected to the emitter of the transistor 53. The collector 

30 of the transistor 53 is connected to the base and the collector of the transistor 58, and the base of the 
transistor 590. The collector of the transistor 590 is connected to the collector and the base of the transistor 
41, and the bases of the transistors 42 and 43. The collector of the transistor 42 is connected to the 
collector and the base of the transistor 44. and the bases of the transistors 45 and 46. The anode of the 
diode 48 is connected to the collectors of the transistors 45, 46, and 47. The cathode of the diode 48 is ^ 

35 connected to the collector of the transistor 43, and leads to an output terminal 51 , The output terminal 51 is 
connected to the capacitor 27 of Fig. 4. The base of the transistor 47 leads to a control terminal 50. The 
control terminal 50 receives the charging/discharging control signal 29 from the latch 16 of Fig. 4. 

The transistors 41 . 42, and 43 have equal characteristics, and compose a current mirror. The transistors 
44. 45. 46, 58. and 590 have equal characteristics, and compose another cunrent mirror. All of the collector 

40 currents of the transistors 41, 42. 43. 44. 45. 46. 58, and 590 are approximately equal to a constant current 
Ic2 which is expressed as follows: 

Ic2 = V53/R57 (8) 

45 where V53 denotes the emitter voltage of the transistor 53, and R57 denotes the resistance off the resistor 
57. The voltage at the junction between the resistors 55 and 56 is now denoted by the character V56. Since 
the transistors 52 and 53 function as a buffer, the voltage V53 is approximately equal to the voltage V56. 
Thus, the following relation results. 

50 V53 = V56 (9) 

The ratio between the resistances of the resistors 55 and 56 is now denoted as (l-k2):k2, and the voltage 
V56 is expressed as follows: 

55 V56 = k2*Vc (10) 

By referring to the equations (9) and (10). the equation (8) is transformed into the following equation. 
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= The curren, source 3, of ,3 , '° ^"^P'^ 

corresponding to , he « -"<^ ^6 are drawn . a he .rlns^,™?/ 

curren. value is h L^r^ . °' "^^9 a ' I i ' 

" ^''-^'"^'^ischarjn cotrsSa^^^^^^^^^^^^ ^'9- 4 vfa^h:":ur 

becomes non-conductive so that L '^f-^ina' 50 assumes a , , ' 

Ihe diode 48 and is dill °' collector currents of the tr„t f ^"^'^ ^ ^"^^<^' 47 

transistor 43 resi^vei: t ,h^^^^^^ <^i'^'e<* tow J thl ca JI' ™ """"S" 

'C2 is fed ,0 the capaS^J^ 27' JT' ' '^^'"9 ^ oqual toThnLvL of the 

selectively charges anT^schll l' ^if^T"'' 

control signal 29. The rate If ^7 of Fig. 4 in resoon!! ^1 ^""^"^ 3' 

value Ic2 Since the c^l„t T^'"^ discharging the capacitor 27 o^R 1 * ^•^^^9ing/discharging 

s ? -^^^^ ^T^TJ-.- ~ « «... =. 

^'9' 7 shows 3 fifth bcifi' 
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as shown in Fig. 8. The pulse-width modulation signal controller 8 generates second and third pulse-width 
modulation signals G and H on the basis of the pulse-width modulation signal A. The second and third 
pulse-width modulation signals G and H have opposite phases and waveforms such as shown in Fig. 8. The 
power amplifier 3A drives internal switching elements (for example. FETs) in response to the second and 

5 third pulse-width modulation signals G and H. generating and outputting an amplified pulse-width modula- 
tion signal. The low pass filter 4 removes carrier components from the amplified pulse-width modulation 
signal, demodulating a signal Vo which is equal to a resultant of power amplification of the input analog 
signal Vs. The demodulated signal Vo is fed to a load (not shown). 

As shown in Rg. 7. the pulse-width modulation signal controller 8 includes a latch 101. AND gates 102, 

10 103, and 104, and a D flip-flop 105. The pulse-width modulation signal A, the triangular signal J. and the 
clock signal B have a phase relation such as shown in Fig. a Specifically, the pulse-width modulation signal 
A and the clock signal B are 9D-degree out of phase. The AND gate 104 executes AND operation between 
the pulse-width modulation signal A and the clock signal B. generating a signal C which has a waveform 
such as shown in Fig. 8. The signal C is equal to a signal which results from removing the former half of 

75 each positive pulse of the pulse-width modulation signal A and thereby shortening each positive pulse off 
the pulse-width modulation signal A into the latter half thereof. The signal C is applied to the clock input 
terminal of the D flip-flop 105. An activation control signal L is applied to the D input terminal of the D flip- 
flop 105. The activation control signal L has a waveform such as shown in Fig. 8. The D flip-flop 105 
outputs a signal Q in response to the signals C and L. The signal Q has a waveform such as shown in Fig. 

20 8. The signal Q is applied to first input terminals of the AND gates 102 and 103. 

The latch .101 includes NAND gates 111 and 112 and an inverter 113. The pulse-width modulation 
signal A outputted from the voltage comparator 2 is fed to the input terminal of the inverter 113 and a first 
input terminal of the NAND gate 111. The output terminal of the inverter 113 is connected to a first input 
terminal of the NAND gate 112. A second input terminal off the NAND gate 111 is connected to the output 

25 terminal of the NAND gate 112. A second input terminal of the NAND gate 112 is connected to the output 
terminal of the NAND gate 111. The latch 101 generates signals E and F on the basis of the pulse-width . 
modulation signal A. As shown in Rg. 8. the signals E and F have opposite phases, and the signal E is 
equal in phase and waveform to the pulse-width modulation signal A. The signal F agrees with the inversion 
of the signal E, The signal E is applied to a second input terminal of the AND gate 102. The signal F is 

30 applied to a second input terminal of thtf AND gate 103. 

The AND gate 102 executes AND operation between the signals E and Q, outputting the second pulse- 
width modulation signal G. The AND gate 103 executes AND operation between the signals F and Q. 
outputting the third pulse-width modulation signal H. As shown in Fig. 8. when the activation control signal L 
assumes a high level, the second and third pulse-width modulation signals G and H are moved Into 

35 operative states and thus the pulse-width modulation amplifier is enabled. When the activation control signal 
L assumes a low level, the signals G and H are moved into inoperative states and thus the pulse-width 
modulation amplifier is suspended. As shown in Fig. 8, at a start off the period where the activation control 
signal L remains at the high level, that is, at a start of the operation of the pulse-width modulation amplifier, 
a first positive pulse off the third pulse-width modulation signal G is halved in width. Similarly, at an end of 

40 the period where the activation control signal L remains at the high level, that is, at an end of the operation 
of the pulse-width modulation amplifier, a final positive pulse of the third pulse-width modulation signal G is 
halved in width. Thus, at a start and an end of the operation off the pulse-width modulation amplifier, the 
duty cycle of the amplified pulse-width modulation signal outputted from the power amplifier 3A is 
decreased to atx)ut 1/2. In cases where an audio signal is handled by the pulse-width modulation amplifier, 

45 the decrease in the duty cycle of the amplified pulse-width modulation signal suppresses or prevents pop 
noise in a demodulated signal which might occur at a start and an end of the operation of the pulse-width 
modulation amplifier. 

The power amplifier 3A is similar to the portion of the power amplifier 3 off Rg. 1 1 which follows the 
AND gates 3D and 3E. The power ampliffier 3A may also be similar to the portion of the power amplifier 303 
50 of Fig. 12 which follows the AND gates 303D and 303E. 

The triangular signal oscillator 1C may be replaced by the triangular signal oscillator 1 of Rg. 2. In this 
case, the charging/discharging control signal 29 outputted from the latch 16 (see Rg. 2) is fed to the AND 
gate 104. 

The triangular signal oscillator 1C maybe replaced by the triangular signal oscillator 1A off Rg. 4. In this 
55 case, the charging/discharging control signal 29 outputted from the latch 18 (see Fig. 4) is fed to the AND 
gate 104. 

DESCRIPTION OF THE SIXTH PREFERRED EMBODIMENT 
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arcu.t 6, and an adder 62. An input anatog ignJvsTs fedTJ r ' ' "egative-feedbS 

nega.,ve-feedback circuit 61 includes, tor Bxa^l V ,^ ' '"P"' °' adder 62 The 

generates a feedback signal on the basis of I output siina, 7" "«9-«v«-'««ciback circuit 

circuit 61 outputs the feedback signal to a swond^nof ^. ^ 3" ^he negative-feedback 

.nput analog signal Vs and the f^e^bac siyaTo^JC^,^^^^^^^ -^<^ 62. The adder 62 adds S 
he voltages of the input analog signal Vs L he SS, I" f r?"'' ^°"«sponds to the sum of 
to the comparator 2. " ° signal. The output signal of the adder 62 is fed 

decreldtt~ d't^^^^^^ signal to the negative feedb^, ^ 

ca...J^^^^^^^^^ for genera«ng a .iangular 

converts the input analog signal into a correswndino ^1^ '"^S"'^ signal and 

serves to amplify ,he pulse-width modulaHoTSTA low 11"''?.?' ^'9"^' * POwer ampimer 

output signal of the power amplifier, and geneX t dem J^^Jl^' *=^'«' components from an 

signal. The amplitude of the triangular ca^r s Jnal s conS^t 'rL'" to the input analog 
0 he power amplifier so that the amplitude of m^^T^J ^"'^ '° " '^'^ '"PP'V '°>^9^ »ed 
to the power supply voltage. ^'^^"'^ signal will be substantially proportional 



Claims 

1. A pulse-width modulation amplifier comprising 
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6. 



a T^^<2ZZT1^"^'''^ ^ •^-9"'- ^ signal: 
converting Llnput^IXXn^irareS^^^^ career signal and 

.enera«ngrd::iS~^^^ - -i.'^^. of ^ power amplifier and 

means for controlling an amplitudS ofZ M "S"*'- 
voiuge fed to the pol a,^.£ !ol?r^'lT%ir '^'^"^ •° ^ P°«- supply 
substantially proportional to the power supply voltagr *'9"^ 

will be 

2. The pulse-width modulation amplifier of claim i fM,fh», 

voltage variation in the triangular signal in !^ "'"'"^ ""^^^ <'""9 a rate of a 

3- The pulse-width modulation amplifier of claim l 

voltage comparator and the po,^r amp ifieMor Jin^^ oompnsing means connected between the 
s.gnal at a star, and an end of'^e puKIS mo,;^^^.''''^ °' ""'^^'^'^ 

'• os^llator comprises 

A pulse-Width modulation amplifier comprising- 

means for generating a triangular carrier signal- 
signal i-^^^rSgTuSirmra;^^^^^ ^-^^ convert the input analc. 
^.^^a power ampler ac«vated by a ^er supply ^ 

corre7p::;L:;rrnran';i4^^^^^^^^^ ^ ^.nn. -.u^ . demodulated signal 

means for controlling .he triangular carrier signal in response to .e power supp.^ 
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7. The pulse-width modulation amplifier of claim 6, wherein the controlling means further comprises 
means for controlling a slope of a time-domain voltage variation of the triangular signal in response to 
the power supply voltage. 

5 8. A pulse-width modulation amplifier comprising: 

means for generating a triangular carrier signal; 

means for comparing an input analog signal and the triangular signal to convert the input analog 
signal into a corresponding pulse-width modulation signal; 

a power amplifier for amplifying the putse-width modulation signal; 
;o means for shortening a width of a first pulse relative to widths of second and later pulses in an 

output signal from the power amplifier after the power amplifier is activated; 

means for shortening a width of a final pulse relative to widths of preceding pulses in the output 
signal of the power amplifier t>efore the power amplifier is deactivated; and 

means for converting the output signal from the power amplifier into a demodulated signal 
T5 corresponding to the input analog signal. 
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FIG. 2 
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FIG. 4 
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FIG. 8 
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FIG. 9 
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